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? , ???????????????????????
2006???????????????????????
??????1996?????????????????
????????????????????2008???
?????? , ??????????????????
??????????????????????
??????????? , ?????????????
?????????????????????????
????????????????????? , ???
?????????????????????????
??????????????? 10? 40??????
?????????????????????????
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????????????????
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??? , ????????????????????
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?????2??? , ???????????????
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?????????????
?????????????????????????
?????????????????????????
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?????????????????????????
?????????????????????????
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???????????????
??????????????????Ra??????
Table 8????????Ra????????????
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Table 8???????
Surveyed Canals
??? ???????m???????? ??????? ??????
???????Ra?
????
???? 808.5 81 1983 ?
???? 3,762.5 433 1967 ? ?
???? 661.0 72 1967 ? ?
???? 376.0 38 1967 ? ?
???? 511.5 81 1969 ?
???? 1,627.5 194 1995 ?
???? 985.0 127 1997 ?
???? 873.5 104 1980 ?
???? 1,404.0 161 1997 ? ?
???? 1,082.5 130 1979 ?
???? 1969 ?
? 12,092.0 1,421
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??????12??????????????????
???μm???????????
?12?
  ????????????????????????
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150mm???y=f?x???????????mm???
????12????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???? 0.8mm?????????????????
??????? 185????????????????
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Roughness Profile
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Roughness Measurement of Canal with Roughness Profile
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???????? 2.0???????????????
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Fig.23????????Ra?????
Concept of Arithmetic Mean Roughness (Ra)
Table 10?????????????
Result of Soundness Evaluation with Persons’ Eyes
???
????
????
???? ????
5.5 0 0 0
5.0 0 0 0
4.5 351 0 0
4.0 292 0 0
3.5 199 0 1
3.0 13 0 7
2.5 0 0 0
2.0 64 470 24
1.5 0 0 0
1.0 0 0 0
0.5 0 0 0
? 919 470 32
Fig.24????????????????
Disribution of Soundness of Abrasion with Elapsed Years
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???????????????????????? 5
?????????????????????????
?????????????????????????
???????????? 5.5? 0.5??? 0.5???
11???????????????????????
??????
???????????????????2007????
????????????5? 1??????????
?????????????? 5??????????
?13?? 2???????????????????? 
S??????t????????? ??????? 5
????????????? 5? 1? 1??? 5???
???????????????2?????????
????????????????????????
???????????????????3?????
??????????????????5??????
?????????????????????5???
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????2??????
?????????????????????????
?????????????????????????
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?????????????????????????
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?????????????????????????
?????????????????????????
?????????????????????????
????1???????? 1???????????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????
?????????????????????????
????????????????????????
?????????????????????????
Fig.25????????Ra?????????????
Roughness Status of Canal with Arithmetic Mean Roughness (Ra)
Fig.26 ????????????????Ra????????
Distribution of Average of Arithmetic Mean Roughness (Ra) 
below Water Level during Irrigation Period
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Regression formulas of Abrasion without Rehabilitation
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Impact on Soundness Distribution with Different Models
??????????? 49???2009?262
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Marcovian Transition Rates of Abrasion
??????????????????????????????????? 263
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Transition Rates and Elapsed Years of Canals
Fig.31????????????????????????
Deterioration Curve of Soundness Average 
with Marcovian Transition Model
Fig.32???? x=0.12??????????????
Model Calculation Figures with Transition 
rate of x=0.12 and Observed Figures 
Fig.33???? x=0.12?????????????
Soundness Decline with Elapsed years with Transition Rate of x=0.12
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?????Fig.34?????????????????
?????????????????????????
???????????????? Ra???????
??????? 5.5????????????????
? Ra??????????????????????
? Ra??????????18????????S??
???z????????? Ra?????????18?
?????? 5%?????????????????
????????? Ra????? 1????????
?????????????
??z= ? 0.2943S+1.6232?R2=0.859? ?18?
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Fig.34?????????????? Ra???????
Ra Average below Water level during Irrigation 
Period with Abrasion and Soundness Index
Fig.35?????????????? Ra????????
Ra Standard Deviation below Water level during Irrigation 
Period with Abrasion and Soundness Index
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Ra Average below Water level during Irrigation 
Period with Abrasion and Elapsed Year
Fig.37?????????????? Ra?????????
Ra Standard Deviation below Water level during Irrigation 
Period with Abrasion and Elapsed Year
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Table 11????????? Ra?????????????????????????????????????
Relationship between Ra Average below Water level during Irrigation Period, and Estimated Roughness Coefficient, 
Estimated Abrasion Depth, Ratio of Water leak Joints and Performance Decline
??????? Ra???
?mm?
0.00 0.15 0.45 0.74 1.03 1.33
???? ??? ??? ????? ????? ???
??? 5.5 5.0 4.0 3.0 2.0 1.0
?????? 0.006 0.011 0.013 0.014 0.015 0.016
???????mm? 0.0 2.4 7.3 12.2 17.1 22.0
????????? 0 0 0.20 0.56 0.92 1
???? ? ? ? ?
???? ? ? ? ?
????? ? ? ? ?
??????? ? ? ? ?
?????
?????????????
???????????????????????????????????
??????????? 49???2009?268
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Study on Deterioration Forecast in 
Stock Management of Irrigation Canal
KITAMURA  Koji
Summary
?The stock management for irrigation infrastructure has just been adopted to extend the life-span of the infrastructure 
and reduce the life-cycle costs under the limited budget constraints. For appropriate implementation of the stock man-
agement, precise deterioration forecast of infrastructure is required. The typical deterioration of irrigation infrastructure 
is abrasion of reinforced irrigation canals.?Deterioration forecast methods for canal abrasion are developed by using 
soundness index and arithmetic mean roughness (Ra). Deterioration forecast function and Markovian transition prob-
ability model are used for forecasting canal abrasion deterioration with soundness index. Arithmetic mean roughness (Ra) 
is used for expressing numerically canal abrasion deterioration to minimize errors among inspecting results by inspec-
tors with soundness index.? 
Keywords: Irrigation Canal, Stock Management, Deterioration Forecast, Deterioration Forecast Function, 
 Marcovian Transition Probability, Arithmetic Mean Roughness (Ra)  
